Spinal fusion surgery using transpedicular fixation is the most common technique for surgical treatment of spinal pathologies of any etiology. The morphometric characteristics of the vertebral pedicle determine the size and shape of pedicle implants. The objective of this study is to determine the morphometric characteristics of the lumbar vertebral pedicle in Mexican population by direct measurement of bone parts. Materials and Methods. We analyzed 65 L1-L5 cadaver lumbar spines from a collection of bone specimens from the Department of Human Anatomy. Pedicle width, height, and length were determined bilaterally in each sample studied. We obtained measures of central tendency, and parametric correlation tests were performed with a 95% confidence interval to determine if significant differences exist between the lumbar vertebral levels. Results. Pedicle width increased from L1 to L5. We obtained a minimum mean value of 7.40 ± 1.84 mm at L1 and a maximum mean value of 14.74 ± 3.77 mm at L5. Pedicle height decreased from L1 to L4 with a subsequent increase at L5. We obtained a maximum mean value of 18.32 ± 4.15 mm at L5 and minimum mean value of 14.09 mm ± 2.75 at L4. Significant differences were observed (P < 0.05) when groups were compared. Conclusions. This study accurately describes the morphometric characteristics of the lumbar vertebral pedicle. These data will be useful for correct selection and positioning of transpedicular screws.
Introduction
One of the options available for surgical treatment of lumbar spine pathology is transpedicular instrumentation. Spinal fusion surgery via transpedicular fixation is the most commonly used technique for surgical treatment of degenerative, vascular, infectious, metastatic, congenital, and traumatic pathologies affecting the lumbar spine. In the last two decades, this procedure has displaced most other fusion techniques (PRAKASH PRABHU, RAJANIGANDHA, MANGALA et al., 2007; ARMAN, NADERI, KIRAY et al., 2009) . In 2003, it became the nineteenth most performed surgical procedure in the United States, and it increased from 22 to 51 procedures performed per 100,000 inhabitants (SANTONI, HYNES, MCGILVRAY et al., 2008) .
The procedure involves the introduction of pedicle screws through a point located at the junction of the transverse process and the superior articular process. The screw crosses the pedicle to reach the vertebral body providing stability and internal fixation of the affected vertebral segment. It is also used as an access for procedures performed within the vertebral body, such as biopsies or vertebroplasty (LIEN, LIOU and WU, 2007) .
Among the advantages of this procedure are stabilization of affected vertebral segments, biomechanical superiority of this system, potential three-dimensional correction of vertebral deformities, reduction of postoperative complications and a shorter hospital stay, and greater clinical improvement (GÓMEZ DE LA RIVA, ISLA, PÉREZ-LÓPEZ et al., 2006) . Mortality from this procedure is less than 1%; however, retrospective studies have shown that lumbar pedicle fractures occur in 29% of patients undergoing transpedicular spinal fusion surgery. This causes a reduction in the fixation rate of affected vertebral segments and produces a higher incidence of acute and chronic complications related to surgery (CASTRO, HALM, JEROSCH et al., 1996; WEINSTEIN, SPRATT, SPENGLER et al., 1988) .
The morphometric characteristics of the vertebrae, and especially the pedicle, determine the size of pedicle implants both in width and length, and the shape, direction, and ideal screw angulation at the moment of introduction (OLMOS, VILLAS TOMÉ, BEGURISTAN GURPIDE et al., 2002) . Knowledge of these features is important for the surgeon to avoid pedicle cortex, meningeal, nerve root, facet joint, viscera or adjacent vascular structure lesions due to poor placement or improper screw orientation (OKUTAN, KAPTANOGLU, SOLAROGLU et al., 2004; FEMENIAS ROSELLO, ESTELLA RIPOLL, RUBI JAIME et al., 2009) .
There are no studies to date in cadaveric specimens that analyze the morphometric characteristics of the lumbar vertebral pedicle in Mexican population, with this being of great importance for the proper planning, execution, and outcome of transpedicular lumbar spinal fusion. The aim of this study is to determine the morphometric characteristics of the lumbar vertebral pedicle in Mexican population by direct measurement of bone specimens.
Materials and Methods
We performed an observational, cross-sectional, descriptive, and comparative study by analyzing 65 dried lumbar spines, L1 to L5 (325 vertebrae, 650 pedicles), from cadavers belonging to a collection of osteological specimens of the Department of Human Anatomy, of the School of Medicine of the Autonomous University of Nuevo Leon. We excluded specimens with structural damage, pathology, or an evident abnormality. Data were collected from each studied sample with a digital vernier with an accuracy of 0.01 mm. All measurements were reported in millimeters.
Pedicle height and width were determined bilaterally at the pedicle isthmus (narrowest portion of the vertebral pedicle) in each sample studied, and pedicle length was carried out using the following measurement parameters ( Figure 1 transverse process and the superior articular process at the point where the pedicle contacts the vertebral body.
Statistical analysis
Measurement parameters were analyzed using Microsoft Excel 2013 for Windows XP. Means, standard deviation, and minimum and maximum values for each parameter measured were obtained and tables were constructed using these data. We determined if significant differences existed between the mean values of the various parameters studied between adjacent lumbar vertebral levels (L1 vs. L2 , L2 vs. L3 , L3 vs. L4 and L4 vs. L5) using a parametric correlation test (Student's t test), considering a P value < 0.05 as significant.
Ethical considerations
The protocol was approved by the local Health Research Committee with registration no. AH07-005.
Results
Pedicle cortical width showed a gradual increase from L1 to L5 with results varying between 3 and 25 mm. We obtained a minimum mean score of 7.40 ± 1.84 mm in L1 and a maximum mean value of 14.74 ± 3.77 mm at L5. In the same way, standard deviation values showed a progressive increase from L1 to L5 (Table 1 ). Cortical pedicle height decreased from L1 to L4 with results varying between 9 and 30 mm. We obtained a maximum mean value of 15.24 ± 9.41 mm in L1 and a minimum mean value of 14.09 mm ± 2.75 in L4. The maximum mean result of all lumbar levels was evident at L5 with a value of 18.32 ± 4.15 mm (Table 1) .
Pedicle length varied between 3 and 26 mm with a mean minimum value of 7.81 ± 5.15 mm at L5 and a mean maximum value of 9.18 ± 6.36 at L1. In the same way, pedicle length was the parameter with the highest standard deviation of the study, which was greater at L1 with a value of ± 6.36 (Table 1) .
Significant differences were observed when comparing each mean result of the comparison groups (L1 vs. L2, L2 vs. L3, L3 vs. L4, and L4 vs. L5) using a two-tailed t test in which a P value < 0.05 was considered significant, with most belonging to pedicle width (Table 2 ).
Discussion
The pedicle is the strongest portion of the vertebrae. Because of this, transpedicular instrumentation of the spine has demonstrated biomechanical superiority over other available posterior instrumentation techniques (CHAZONO, TANAKA, KUMAGAE et al., 2012) ( Figure 2) .
In recent decades, there have been numerous studies of the morphometric characteristics of the lumbar vertebral pedicle in different populations around the world to determine their true dimensions by direct measurement in dry cadaver vertebrae, measurement with computed tomography (CT), radiography, fluoroscopy, and three-dimensional reconstruction. These studies have demonstrated significant differences in the different ethnicities, races, genders, ages, and vertebral regions studied (CHAZONO, TANAKA, KUMAGAE et al., 2012) .
In the present study, cortical pedicle width showed a gradual increase from L1 to L5; in the same way it was shown that there was more variation in results as the lumbar vertebral level fell, which was demonstrated when the results of standard deviations were analyzed. (URRUTIA VEGA, ELIZONDO-OMAÑA, DE LA GARZA-CASTRO et al., 2009) evaluated lumbar vertebral pedicle width in Mexican population using computed tomography (CT) reporting a minimum mean value of 7.8 mm ± 1.3 in L1 and an mean maximum of 14.3 ± 1.8 mm at L5, very similar results to those obtained in this study and which represent the only data available for our population with regard to lumbar vertebral pedicle morphometry. This also shows that data obtained in cadavers by CT and direct measurements are very similar (URRUTIA-VEGA, ELIZONDO-OMAÑA, DE LA GARZA-CASTRO et al., 2009 ; MORALES AVALOS, ELIZONDO-OMAÑA, VÍLCHEZ-CAVAZOS et al., 2012) .
The results of pedicle cortical width in different populations are shown in Table 3 and Figure 3 . As can be seen, these studies showed a progressive increase in width from L1 to L5 (OLMOS, VILLAS TOMÉ, BEGURISTAN GURPIDE et al., 2002; OKUTAN, KAPTANOGLU, SOLAROGLU et al., 2004; FEMENIAS-ROSSELLÓ, ESTELLA RIPOLL, RUBI JAIME et al., 2009; CHAZONO, TANAKA, KUMAGAE et al., 2012; URRUTIA VEGA, ELIZONDO-OMAÑA, DE LA GARZA-CASTRO et al., 2009; LIEN, LIOU and WU, 2007; LI, JIANG, FU et al., 2004; KADIOGLU, TAKCI, LEVENT et al., 2003; NOJIRI, MATSUMOTO, CHIBA et al., 2005; ACHARYA, DORJE and SRIVASTAVA et al., 2010; KANG, SONG, LEE et al., 2011; AMONOO-KUOFI, 1995; SINGEL, PATEL and GOHIL, 2004; OLSEWSKI, SIMMONS, KALLEN et al., 1990; WOLF, SHOHAM, MICHAEL et al., 2001; MAALY, SAAD and HOULEL, 2010) .
Lumbar vertebral pedicle morphometric characteristics in Mexican population behave in a similar manner in vertebrae L1 to L4 as in other populations studied (Figure 3 ). L5 vertebras exhibit the most evident variations in their dimensions in the different populations studied and should be given special importance, prior to a surgical approach (Figure 3) .
Pedicle width was lower than pedicle height in all vertebral levels studied. This determines the minimum diameter of the transpedicular screw and represents the measurement with the greatest prognostic value to prevent pedicle expansion or fracture due to incorrect choice of the pedicle implant. Some authors claim that pedicle height should not be considered as a morphometric parameter for proper selection of a transpedicular screw (MAILLOT and WOLFRAM-GABEL, 1993). (ZINDRICK, WILTSE, DOORNIK et al., 1987) recorded the highest number of measurements of lumbar pedicles with a total of 2,905 pedicles measured by CT and their study is the basis for subsequent morphometric studies. (SJÖSTRÖM, JACOBNSON, KARLSTRÖM et al., 1993) established, according to the data in their study of the lumbar pedicle, that screws with a diameter greater than 65% of the pedicle diameter deforms the cortical pedicle in 85% of cases. (MISENHIMER, PEEK, WILTSE et al., 1989) pointed out that the lateral cortical wall of the lumbar pedicle is prone to deformity or fracture because it is thinner than the medial cortical wall. (CHRISTODOULOU, APOSTOLOU, PLOUMIS et al., 2005) found that there is greater variation in the vertebrae L1, L2, and L5 between different races and ethnicities but established that in L3 and L4 there is only minimal variation. Our results and review of the literature concluded that the differences established by them could be lower and limited only to the pedicle of L5.
It has been found that the lumbar vertebral pedicle gradually and progressively decreases in length from L1 to L5. This determines a smaller cortical diameter and a greater pedicle length for upper lumbar vertebrae, and a greater pedicle width and a lower pedicle length in lower lumbar vertebrae (CHAWLA, SHARMA, ABHAYA et al., 2011). 
Conclusion
The present study accurately describes the morphometric characteristics of the lumbar vertebral pedicle in Mexican population. Based on these results, it can be stated that the lumbar transpedicular instrumentation systems currently available in Mexico are suitable for use in our population. However, a greater number of anatomical and imaging studies and a larger number of samples are necessary to analyze the morphometric characteristics of the lumbar vertebral pedicle in order to determine its true dimensions and establish variations according to age, gender, and vertebral level.
